Two field experiments were carried out at a Private Farm in Meet Habib Village, Gharbia Governorate, during Winter seasons of 2015/2016 and 2016/2017 to determine the influence of potassium fertilizers levels, foliar application treatments and interactions on growth, yield and some chemical constituents in both leaves and tubers of potato cv. Spunta. Mineral fertilizing with 75 % of the recommended doses recorded the highest values of vegetative growth characters, total marketable tubers yield/fed, total soluble solids percentage (TSS) and vitamin-C content in fresh potato in both seasons. While, the highest values of total carbohydrates and starch percentages, nitrite and nitrate concentrations in fresh potato tubers were obtained from fertilizing with 100 % of the recommended doses in both seasons. Total sugars percentage in fresh potato tubers had reverse trend of all studied characters in both seasons. Foliar spraying potato plants four times with commercial fertilizer (MegaPot as a source of nitrogen, potassium and sulphur) at the rate of 1.5 g/liter water exceeded other foliar application treatments and produced the highest values of vegetative growth characters, yield and quality parameters of tubers, except total sugars percentage, nitrite and nitrate concentrations in fresh potato tubers. It can be concluded that mineral fertilizing potato by 75 % of the recommended dose as a soil application in addition to foliar spraying four times with commercial fertilizer MegaPot (as a source of nitrogen, potassium and sulphur) at the rate of 1.5 g/liter water in each spraying is the best to obtain high growth, yield, chemical composition and quality of potato Spunta cultivar.
INTRODUCTION
Potato (Solanum tuberosum L.) is one of the members of the family Solanaceae and is one of the most important food crops all over the world including Egypt. Potato tubers are a good source of carbohydrates, proteins, vitamins, and minerals in human nutrition (Blagoeva et al., 2004) . In Egypt, the cultivated areas of potato in 2014 were 409372 feddan producing 4.611 million tons with an average yield of 11.26 tons/fed (FAO, 2017) .
Potatoes are short-lived, high yield yields and comprehensive yields. The balanced use of nutrients is essential for sustainable crop productivity. In many potatoproducing areas nitrogen fertilizers (N) and phosphorus (P) are used, while the application of potassium (K), which leads to a serious reduction in the potassium state in the soil from potato growing areas (Pervez et al., 2013) . Where, potassium is absolutely necessary element for potatoes. When potassium deficiency is observed the plants are short, leaves become pale green and later in the vegetation at leaves ends and tops they become necrotic (Kumar and Sharma, 2013) . Potassium deficiency is found when the content in leaves is below 1.00 %, but optimal content of potassium in potato leaves is from 5.00 tо 6.60 %. It play a crucial role in the higher productivity of potato tubers because they play an important role in the process of photosynthesis and regulate the opening and closing of insulators, and prefer to develop high energy which helps in transporting the appropriate nutrients in a timely manner and water absorption in plants (Benton Jones, 2012) . Grzebisz et al. (2015) showed that potato yields responded positively to increasing potassium dose from 0 to 80, 160, or 240 kg K 2 O/ha. Razaq et al. (2015) reported that the tallest potato plants, maximum number of leaves/plant, maximum number of tubers/plant and total tubers yield were recorded by using potassium fertilizer at the rate of 150 kg/ha. Shunka et al. (2016) concluded that potassium rates (0, 34.5, 69.0 and 103.5 kg K 2 O/ha) significantly affected potato plant height and marketable tuber numbers.
Therefore, it is better to apply 69.0 kg/ha potassium for potato production to obtain reasonable economic yield at sites similar to experimental locations. Zelelew and Ghebreslassie (2016) declared that tubers number, diameter of tuber, tubers weight, total tubers yield and TSS % showed significant differences due to potassium levels (0, 75, 150, 225 and 300 kg K 2 O/ha). The highest tubers weight and yield recorded from application of 300 kg K 2 O/ha. stated that potassium fertilizer levels (0, 75, 150, 225 and 300 kg K 2 O/ha) had significant effects on number of leaves per plant, plant height and yield parameters. They added that using potassium fertilizer according to soil requirements will have good influence on tubers yield. Abou Zeid and Abd El-Latif (2017) showed that significant differences were detected among potassium fertilizer rates (80, 100 and 120 kg K 2 O/fed) on tuber diameter, tubers weight, total tubers yield and starch content of tubers. Shunka et al. (2017) revealed that application of potassium at the rate of 103.5 kg/ha significantly produced a higher potato plants than other rates (0, 34.5, 69 and kg K 2 O/ha). Application of potassium at the rate of 103.5 kg/ha produced significantly a higher marketable yield than all other rates.
In high soil pH as in Egyptian soil, it is known that micronutrients as well as some large nutrients may be limited. Paper products containing multiple foodstuffs may correct these deficiencies, giving rise to growth and development. Paper applications are often the most effective economic method for correcting plant mineral deficiencies, especially when competition for carbohydrates among plant grasses occurs and nutrient uptake is restricted from soil (Marschner, 2012) . Many compounds used in paper-based fertilizer products, Organic natural may have advantages because it is more environmentally safe and has more efficient work lengthening. Qadri et al. (2015) indicated that foliar application of nitrogen fertilizer (urea) remained better regarding vegetative growth, productivity and quality of potato. Ghosh et al. (2017) showed that foliar application potato plants with potassium schoenite (double sulfate of potassium and magnesium, which composed of 22.24% potassium oxide and 90% magnesium oxide) significantly enhanced plant growth (height of plant and dry matter accumulation), yield and quality parameters (ascorbic acid, specific gravity and total sugars). Moinuddin et al. (2017) concluded that foliar application either micronutrient alone or mixture or in combination with NPK gone rise to best vegetative growth of potato (plant height, number of leaves per plant and number of branches per plant) and highest tubers yield of 22.45 t/ha.
Thus, the aim of this investigation was to study the effect of potassium fertilizers levels and foliar application treatments as well as their interaction on growth, yield and quality of potato under the environmental conditions of Meet Habib Village, Gharbia Governorate, Egypt.
MATERIALS AND METHODS
These experiments were set out in a strip-plot design with three replicates in both seasons. The vertical plots were allocated to three levels of mineral potassium fertilizers (K-levels) as a soil application (100, 75 and 50 % of the recommended dose i.e. 96.0, 72.0 and 48.0 kg K 2 O/fed. Potassium fertilizer in the form of potassium sulphate (48 % K 2 O) at formerly mentioned rates was applied as side-dressing in two equal doses, the first dose before the second irrigation and the second dose before the third irrigation.
The horizontal plots were assigned to four foliar application treatments i.e. without foliar spraying (control treatment), spraying with commercial fertilizer (KTS) as a source of potassium and sulphur (36 % K 2 O and 25 % S) at the rate of 2.5 ml/liter water, commercial fertilizer (MegaPot) as a source of nitrogen, potassium and sulphur (9 % N, 40 % K 2 O and 15.69 % S) at the rate of 1.5 g/liter water, commercial fertilizer potassium sulphate (K 2 SO 4 ) as a source of potassium and sulphur (50 % K 2 O and 17 % S) at the rate of 10 g/liter water in each spraying.
Each plot area was 16.0 m 2 which contained 2 ridge, 10 m long and 0.8 m width. The physical and chemical properties of soil in the experimental plots are presented in Table 1 . The planting date was on 27 th December in both seasons. Tuber seed were placed at a uniform distance 20 cm apart and 20 cm depth. The harvesting was done after 120 days from planting date in both seasons of this study.
Phosphorus was added once in the form of calcium super phosphate (15.5 % P 2 O 5 ) during soil preparation at the rate of 75 kg P 2 O 5 /fed. The nitrogen fertilizer was applied at the recommended level (150 kg N/fed) as side-dressing in three equal doses, the first dose in the form of ammonium sulphate (20.6 % N) during soil preparation as a stimulant dose, the second dose in the form of ammonium sulphate also after full emergence and the third dose in the form of ammonium nitrate (33.5 % N) after two weeks from the second dose. Surface irrigation was used, the first irrigation was done after 25 days from planting, while the following ones were carried regularly and stopped after two weeks before harvesting. The cultural practices such as hilling weeds, pest and diseases control were done following the guidelines given by Ministry of Agriculture.
At 90 days of planting representative samples of 5 plants randomly taken from every plot to measure vegetative growth of plants i.e. plant height (cm), number of leaves per plant, fresh weight/plant (g), dry matter percentage of potato plant and tuber.
At 120 days from planting all tubers of plants grown in each plot were harvested to recorded total marketable tubers yield (t/fed). Yield of good shapes, healthy tubers and without commercial disorders.
Also, at 120 days from planting, quality parameters of tubers were estimated as follows: -Total carbohydrates percentage: It was determined according to Somogy (1952 Cox and Pearson (1962) . -Vitamin C content "Ascorbic acid" (mg/100 g fresh weight). It was determined according to the method reported in AOAC (1990). -Nitrate (NO 3 -N) and nitrite (NO 2 -N) determinations in ppm were estimated as described by Singh (1988) . All data of this study statistically analyzed according to the technique analysis of variance for stripplot design with three replicates (Gomez and Gomez, 1984) , using "MSTAT-C" Computer software package. The treatment means were compared using LSD method (Snedecor and Cochran, 1980) .
RESULTS AND DISCUSSION

1-Effect of Potassium Fertilizer Levels:
As shown from data presented in Tables 2 and 3 , the effect of potassium fertilizer levels i.e. 100, 75 and 50 % of the recommended dose (96.0, 72.0 and 48.0 kg K 2 O/fed, respectively) on vegetative growth characters after 90 days from planting (plant height, number of leaves/plant, fresh weight/plant and dry matter percentage of plant and tubers), yield (total marketable tubers yield/fed) and quality parameters of tubers (total carbohydrates, total sugars, starch, total soluble solids "TSS" percentages, Vitamin-C, nitrite and nitrate concentrations in fresh potato tubers) were significant in both seasons, except starch percentage in fresh potato tubers in the first season, which was not significantly affected by studied potassium fertilizer levels.
From obtained results, it could be stated that mineral fertilizing potato plants with 72.0 kg K 2 O/fed (75 % of the recommended dose) led to the highest values of vegetative growth characters, dry matter percentage of potato plant and tubers, total marketable tubers yield/fed, total soluble solids percentage (TSS) and Vitamin-C content in fresh potato in both seasons of this study. While, the highest values of total carbohydrates and starch percentages, nitrite and nitrate concentration in fresh potato tubers were obtained from fertilizing potato plants with 96.0 kg K 2 O/fed (100 % of the recommended dose) in the two seasons. Conversely, the lowest values of all studied characters (vegetative growth characters, yield and quality parameters of tubers) were resulted from fertilizing potato plants with 48.0 kg K 2 O/fed (50 % of the recommended dose), except total sugars percentage in fresh potato tubers, which had reverse trend of the entire studied characters in mutually seasons.
The positive effect on vegetative growth characters of potato due to fertilizing potato plants with 75 % of the recommended potassium dose may be ascribed to the antagonism among potassium and other beneficial elements such as magnesium, where potassium exceeded in the soil solution render magnesium absorption when 100 % of the recommended dose was added, moreover potassium quantity presented in the soil shown in Table 1 , and consequently the photosynthates decreased. In addition, the potential benefits of providing potato plants with sufficient potassium is necessary to provide optimal plant growth performance, promoting early plant maturity, tissue strength, resistance to diseases and other pests, and consequently improving growth, total marketable tubers yield and quality parameters. These results came in the similar point of view with those reported by Razaq et al. (2015) , Shunka et al. (2016) , , Abou Zeid and Abd El-Latif (2017) and Shunka et al. (2017) .
2-Effect of Foliar Application Treatments:
Obtained results show that studied foliar application treatments i.e. without foliar spraying (control treatment), foliar spraying with commercial fertilizers i.e. KTS (as a source of potassium and sulphur), MegaPot (as a source of nitrogen, potassium and sulphur) and potassium sulphate (as a source of potassium and sulphur) significantly affected vegetative growth characters after 90 days from planting (plant height, number of leaves/plant, fresh weight/plant and dry matter percentage of plant and tubers), yield (total marketable tubers yield/fed),) and quality parameters of tubers (total carbohydrates, total sugars, starch, total soluble solids "TSS" percentages, vitamin-C, nitrite and nitrate concentrations in fresh potato tubers) in both seasons as shown from data showed in Tables 2 and 3 were also responded to foliar application K sources There were substantial differences in vegetative growth characters, yield and quality parameters of tubers among all foliar application treatments and control treatment in both seasons. Foliar spraying potato plants four times after appearing the second true leaves and regularly after two weeks with commercial fertilizer (MegaPot as a source of nitrogen, potassium and sulphur) at the rate of 1.5 g/liter water exceeded other foliar application treatments and produced the highest values of vegetative growth characters, yield and quality parameters of tubers, except total sugars percentage, nitrite and nitrate concentration in fresh potato tubers in the two seasons. The second best foliar spraying treatment was foliar spraying with potassium sulphate (K 2 SO 4 as a source of potassium and sulphur) at the rate of 10 g/liter water in each spraying, then foliar spraying with commercial fertilizer (KTS as a source of potassium and sulphur) at the rate of 2.5 ml/liter water in each spraying in both seasons concerning its effect on vegetative growth characters, yield and quality parameters of tubers in both seasons. Whereas, the lowest values of vegetative growth characters, yield and quality parameters of tubers were obtained from control treatment (without foliar spraying), excluding total sugars percentage, nitrite and nitrate concentration in fresh potato tubers in both seasons. The lowest total sugars percentage, nitrite and nitrate concentration in fresh potato tubers were obtained from foliar spraying potato plants with MegaPot, followed by foliar spraying with KTS, and then foliar spraying with potassium sulphate (K 2 SO 4 ) in both seasons. Potato plants grown without foliar spraying gave the highest total sugars percentage, nitrite and nitrate concentrations in fresh potato tubers in both seasons.
These results may be due to the role of macro nutrients that presented in these commercial fertilizers (nitrogen, potassium and sulphur) in production of some growth regulators such as IAA, which is essential for the elongation of the plant parts. In addition, the desirable effects of nitrogen which considers as one of the major elements which is essential for plant growth and plays an important role in division and elongation of cells, enhancing color and vigor of the leaf canopy, thus increasing cell number and size and also via activation metabolic and photosynthesis processes. Also, the role of potassium in growth of meristematic tissue, maintenance of cell turgor pressure, play a major role in osmoregulation, photosynthesis, transpiration and stomatal opening and closing. Besides, the promotion effect of sulphur on growth which could be attributed to the effect of sulphur for increasing the availability of certain plant nutrient as phosphorous, manganese and zinc, which was reflected on increases in plant growth characters of potato. These results are parallel with those reported by Qadri et al. (2015) , Ghosh et al. (2017) and Moinuddin et al. (2017) .
3-Effect of Interaction:
The interactions between both studied factors i.e. potassium fertilizer levels and foliar application treatments had significant effects on fresh weight/plant, dry matter percentage of plant and tubers, total marketable tubers yield, TSS percentage and vitamin-C content in fresh tubers in both seasons, percentages of total carbohydrates (in the first season), total sugars and starch (in the second season).
The highest values of fresh weight per potato plant, dry matter percentage of potato plant and tubers, total marketable tubers yield, total soluble solids percentage (TSS) and vitamin-C in fresh potato tubers were obtained from fertilizing potato plants with 72.0 kg K 2 O/fed (75 % of the recommended potassium dose) in addition to foliar spraying four times with commercial fertilizer (MegaPot) in both seasons as shown from data given in Tables 2 and 3. The highest values of total carbohydrates and starch percentages in fresh potato tubers resulted from fertilizing with 96.0 kg K 2 O/fed as well as foliar spraying four times with MegaPot in both seasons. While, fertilizing with 48.0 kg K 2 O/fed without foliar spraying with any commercial fertilizers gave the lowest values of these characters in equally seasons. 
CONCLUSION
It can be accomplished that mineral fertilizing potato by 72.0 kg K 2 O/fed (75 % of the recommended dose) as a soil application in addition foliar spraying four times with commercial fertilizer MegaPot (as a source of nitrogen, potassium and sulphur) at the rate of 1.5 g/liter water in each spraying is the best to obtain high growth, yield, chemical composition and quality of potato Spunta cultivar.
